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相高效液相色谱 (Reversed-Phase High Performance Liquid Chromatography，
RP-HPLC)制备，获得 10 个以上的二级组分；第三阶段将各第二级组分通过乙腈
-水等度 RP-HPLC 精细分离获得纯肽。本研究共获得 43 种肽类二级组分，其中
的活性组分进一步分离获得 24 种肽类三级组分，部分组分纯度在 90%以上。 
以 C6 神经胶质瘤细胞、A2780-CP 卵巢癌细胞、HepG2 肝癌细胞、LDEP-α-2
肺癌细胞、PC-3 前列腺癌细胞和 MDA-MB-231 乳腺癌细胞在内的六种肿瘤细胞
为活性筛选模型，对以上二级和三级组分进行活性跟踪，最终得到 8 种具有明显
抑制效果的多肽三级组分。其中以组分 1-13-2的效果最为明显，对C6、A2780-CP、
MDA-MB-231肿瘤细胞的的半数抑制浓度(IC50)分别为 114.9 μg/mL、129.7 μg/mL
和 103 μg/mL，具有广谱的抗肿瘤活性。显微观察表明组分 1-13-2 能够明显地诱
导细胞凋亡，受试细胞出现形态变圆皱缩、细胞质密度增加、产生空泡、细胞膜
保持完整等凋亡特征。除此之外，在以小鼠大脑皮层神经细胞为筛选模型中发现
6 种可以抑制小鼠神经细胞钙震荡的二级组分和 1 种促进小鼠神经细胞钙震荡的
二级组分。 
为快速获得活性组分的结构信息，本研究建立了肽组-转录组联合分析技术。
转录组以 RNA-Seq 方法测序，通过拼接获得 36922 个 unigene，继而预测出它们


























































Sponges are the oldest multicellular organisms in the world, surviving on the earth 
for at least 600 million years. The long evolution enables sponges to synthesize a 
wide variety of bioactive substrates, which are provided with functions of anti-tumor, 
anti-viral, anti-bacterial, neural inhibition, to defend against predators and to prevent 
microorganism immobilization. As an important component of these active substrates, 
sponge peptides with the characteristics of low molecular weight, simple structure and 
low immunogenicity have become a critical resource in pharmaceutical field. An 
bundant sponge specie along Fujian coast, Mycale phyllophila, was researched in this 
study to establish methods of extraction, activity screening and structure 
determination for the scale development of sponge peptides. 
In this study, we established an efficient separation method for sponge peptide 
purification as follows. In Phase I, peptides less than 10 kDa were captured and 
desalinize using tangential flow filtration and macroporous resin, and further 
separation was performed by and C18 RP-HPLC and 43 secondary fractions were 
obtained in Phase II. For higher purity, C18 RP-HPLC was accessed again in Phase III 
and 24 third fractions were obtained with the purity of more than 90% for several 
components.   
We use cancer cell lines, glioma cancer cell line C6, ovarian cancer cell line 
A2780-CP, liver cancer cell line HepG2, lung cancer cell line LDEP- alpha -2, 
prostate cancer cell line PC-3 and breast cancer cell line MDA-MB-231, as the first 
activity screening model to track the activity of peptides separated from phase I and 
phase II, and eight peptides exhibited anti-tumor activity to a wide variety of cancer 
cells lines. Component 1-13-2 had the most significant effect on cancer cells of C6, 
A2780-CP and MDA-MB-231 with the IC50 of 114.9 μg/mL, 129.7 μg/mL and 103 
μg/mL, respectively. After administration, morphological changes of tumor cells 
similar to apoptosis were observed, including shrinkage, cavitation, cell debris, etc. 
















model, and results showed that six secondary fractions could inhibit calcium 
oscillations of mouse nerve cells, meanwhile, only one fraction with auxo-action was 
detected in this work.  
We employed peptidomics combined with cDNA library to unravel the structural 
information of active components rapidly. In a prior study, we have constructed a 
cDNA library of M. phyllophila, and 36922 Unigenes and corresponding open reading 
frames were obtained after high-throughput sequencing using RNA-Seq method. Then, 
ESI-LC-MS/MS data of six components were aligned in cDNA library of M. 
phyllophila and 135 peptides were annotated with function information while only 16 
peptides received annotation using SwissProt database alignment. Thus, accuracy and 
throughput sequencing combined with cDNA library provided an effective approach 
to investigate the diversity and functions of sponge peptides. 
In this work, efficient methods of extraction, activity screening and structure 
determination were established. Many sponge bio-active peptides with certain value 
were dicoveried. In further study, higher-throughput extraction method remain to 
investigate thoroughly to obtain massive pure products for structure identification and 
drug development. 
 







































天然产物来自海绵动物，占所有海洋天然产物的 30%。据统计，在 2008-2012 期
间，研究者就从海绵中分离出 1499 种新天然产物[10-14]，并以每年 200 种的速度
迅猛增长，这使得海绵成为天然产物最高产的海洋生物[15]，这些新的天然产物
涵盖海绵动物 19 个目，74 个科，详见表 1.1。而在 2001-2010 年间，单在海绵五

































表 1.1 2001-2010 年从不同海绵目中分离出来的新活性物质的统计[16] 
Table 1.1 Number of new compounds isolated from different orders of marine sponges with different bioactivities from 2001 to 2010[16] 
Orders of Sponges Anti-Alzheimer’s Antibacterial Antituberculosis Anticancer Antifungal Anti-inflammatory Antimalarial Anti-HIV Antiviral Miscellaneous Total 
Agelasida 0 17 0 11 6 0 6 0 0 14 54 
Astrophorida 0 8 6 97 7 0 1 5 3 22 149 
Axinellida 0 0 0 0 0 0 0 0 0 8 8 
Chondrosida 0 0 0 3 3 0 0 0 0 0 6 
Choristida 0 0 0 12 0 0 0 0 0 12 24 
Clathrinida 0 4 3 3 2 0 0 0 0 0 12 
Dendroceratida 0 4 0 14 3 3 0 0 0 14 38 
Dictyoceratida 0 38 3 182 11 2 1 5 0 90 332 
Hadromerida 0 2 3 45 1 0 0 5 0 18 74 
Halichondrida 1 18 4 99 16 1 2 1 0 31 173 
Haplosclerida 8 15 2 100 20 0 7 4 0 73 229 
Homosclerophorida 0 2 3 55 10 0 9 1 0 34 114 
Leucosolenida 0 1 0 2 0 0 0 0 0 0 3 
Lithistida 0 5 2 38 9 2 0 16 0 16 88 
Lyssacinosida 0 0 0 1 0 0 0 0 0 0 1 
Ocilosclerida 0 0 0 0 0 0 0 0 0 0 0 
Poecilosclerida 0 17 5 143 21 1 1 4 1 34 227 
Spirophorida 0 0 0 4 0 0 0 0 0 0 4 
Unknown 0 0 0 2 0 0 0 0 0 7 9 
Verongida 0 14 0 17 5 0 0 0 0 34 70 





























spongothymidine 和 spongouridine，其衍生物为 ara-C 是最早的海洋来源的抗肿瘤
药物，主要用于白血病的治疗[26, 27]。另一个是从海绵 Reniera 中分离出来的四氢
异喹啉家族物质 renieramycin M，临床研究表明该物质可通过 p53 依赖的代谢通
路引起肺癌细胞凋亡，从而抑制癌细胞的扩散和转移[28]，因此具有广大应用前
景；而从海绵 Monanchora pulchra 中分离出来的多环胍生物碱 monanchocidin，
它含有一个由(ω-3)羟基脂肪酸衍生出来的新骨架和一个由 2-氨基乙基和 3-氨基
丙基取代的吗啉半缩酮环，它可以引起人单核细胞白血病细胞(THP-1)、宫颈癌
细胞 (HeLa)以及小鼠表皮细胞 (JB6 Cl41)的凋亡 [29] ；在 1987 年从海绵
Smenospongia sp.中分离出来的倍半萜醌 smenospongine，具有细胞毒、抗菌、抑
制增殖、抗血管生成等多种生物活性[30]；而在 1993 年从海绵 Spongia sp.中分离
出来的大环内酯聚醚类物质 spongistatin 1[31]也可以抑制有丝分裂中微管组装及
长春碱与微管蛋白的结合，因此可以诱发多种肿瘤细胞死亡[32]；近期从海绵
Cinachyrella apion 中分离纯化出一种凝集素 caL，除了可以引起肿瘤细胞死亡以
外，还具有溶血、细胞毒活性，研究表明其可以通过 caspases 依赖和 caspases 非
依赖凋亡途径使促凋亡蛋白激活细胞凋亡途径，改变线粒体膜通透性，使细胞周
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